ABSTRACT Addressing asthma from a public health perspective is a relatively new concept for which the literature provides little guidance. A public health approach seeks to decrease the burden of asthma and improve health outcomes at the population level, such as communities, cities, or states, by reaching large numbers of individuals with effective interventions and at reasonable cost. Projects designed to achieve a measureable impact at the population level are fundamentally different from projects or interventions designed to improve outcomes among individuals. This paper uses the experience of the Controlling Asthma in American Cities Project and a review of the relevant literature to explore some of the unique questions and considerations that are implicit when planning large-scale asthma projects intended to improve population outcomes. The paper is intended to inform decision making by local and state government agencies, managed care organizations, health systems, community coalitions, and funders. Analysis of asthma and other chronic disease projects aiming to achieve population-level impact is an area for continued public health research.
INTRODUCTION
There is a compelling need for population-based approaches to addressing the burden of asthma, particularly in urban communities. Despite progress over the last 3 decades in medications for asthma treatment, improved air quality, the development of clinical guidelines for asthma management, and the increasing coverage by managed care, asthma prevalence, morbidity, and related costs have not decreased. 1 Many well-designed interventions (focused programs or actions designed to improve health outcomes) and projects (collections of complementary interventions) in clinical and community settings have demonstrated a short-term reduction in asthma morbidity. 2, 3 Most publications, however, describe small-scale pilots or research studies that assess efficacy among participants rather than impact upon a defined population, such as a county, city, neighborhood, or health plan membership. Interventions that affect populations rather than individuals are important because they have the potential for promoting the health of a larger number of individuals.
as conducting a needs assessment, constructing a logic model, and building a coalition-are well documented, [6] [7] [8] guidance for directing resources to affect population-level measures of asthma morbidity is extremely limited. To achieve sustainable population-level impacts, projects must not only demonstrate effectiveness among participants but also have high reach, wide adoption, and long-term changes among patients and institutions. 5 Public health's challenge is to have an impact on large numbers of individuals with asthma with effective interventions, which are implemented in complementary ways at reasonable cost.
The 7 sites of the Controlling Asthma in American Cities Project (CAACP), funded through a cooperative agreement with the Centers for Disease Control and Prevention, sought to reduce the burden of asthma among populations of inner-city children. Community-based asthma coalitions at each site were charged with developing and implementing a comprehensive set of asthma interventions based on local needs. Details of the project's purpose, design, strategic plan, and evaluation are described elsewhere. 9 This paper draws on the CAACP experiences and the literature to (1) articulate the implicit questions and decisions of planning a public health approach to asthma and (2) discuss possible strategies and issues for consideration in addressing those questions and decisions. The paper is organized into topic areas corresponding to the following 8 questions:
What population-level outcome measures are available and appropriate for asthma projects using a public health approach? How many individuals need to be reached and with what effectiveness to achieve desired outcomes for various population sizes? What external contextual factors are likely to influence the effectiveness of the intervention(s)? What are the criteria for choosing interventions to achieve population-level outcomes? How should resources be allocated across multiple asthma interventions within a project? What factors should be considered when deciding which individuals or groups of individuals to target within a given community or project area? How can projects effectively recruit large numbers of individuals to participate in interventions? How can health disparities be addressed in planning a public health approach to asthma?
Measuring Population-Level Outcomes The evaluation of public health projects is fundamentally different from the evaluation of a stand-alone research study or a small-scale intervention; the former seeks to show improved health across a population, the latter only among those participating in interventions. Showing improved health across a population requires data representative of the entire population at multiple points in time. As the development of population-level databases is usually prohibitively expensive and time consuming, most disease-specific public health efforts use existing data sources. These might include the following: (a) publicly available databases, such as disease registries, hospitalization discharge records, or emergency department data; (b) proprietary medical records or claims data; or (c) surveys from a representative sample of the population. The data available for a given population might be quite limited. To ensure that a project's targeted outcomes are measurable, realistic, and consistent with the level of funding, available databases and the information needed from them should be identified concurrent with the planning process and in coordination with the project's stakeholders.
Types of population-level asthma-related measures can be conceptualized in a pyramid, with the least common events at the top, ranging from mortality to asthma symptoms ( Figure 1) . 10 Asthma mortality is seldom used as an outcome measure because it is a rare event. Hospitalization data are collected at the state level, and availability varies by state. 11 The CAACP sites were required to follow trends in hospitalizations for asthma as a primary outcome measure; those findings will be reported in a future publication. Emergency department (ED) visits for asthma are 3 to 4 times as common as hospitalizations. 1 Although ED data are theoretically a reasonable measure of a project's reach and effectiveness, only 2 CAACP sites were able to obtain those data for people residing in their project area from a central source. Others had to collect and collate information from individual hospitals serving their populations to estimate ED utilizations. No CAACP site chose to measure the frequency of outpatient medical services at a population level, mainly because distinguishing between urgent, unscheduled visits, which the project was intended to reduce, and routine visits, which the project was intended to increase, is difficult. One site, Chicago, analyzed patterns in asthma medication use at the population level, using a pharmacy chain's administrative database. 12 Measures of adherence to recommendations, symptom frequency, and missed days at school or work are available from national-and state-level surveys, but do not usually apply to geographic areas as small as the CAACP site catchment areas. 13 Several sites were able to monitor asthma-related school absences at the school-district level. Measures of asthma prevalence such as "lifetime prevalence" or "current asthma" would not be expected to change with current interventions. Current interventions focus on controlling existing asthma because there is no known cure. Primary prevention is limited to reducing certain occupational exposures affecting relatively few individuals.
Scaling Interventions to Improve Population-Based Outcomes
To produce change at the population level, the number of individuals reached and the effectiveness of the intervention(s) must be commensurate with population size. Even the most effective interventions will not result in population-level change unless enough people are affected. Estimating the number of individuals who must be reached, and with what effectiveness so that the expected change in a particular population-level outcome will be substantial (about 2 standard deviations), is an important step in planning a community-based intervention.
This task differs from power calculations used to determine the minimal sample size or experimental group necessary to achieve statistical significance in a study. That calculation requires estimates of the population parameters. The intent here is to achieve an actual change in the population parameter itself. Estimating the number of individuals who must be reached to achieve that change requires the following 3 pieces of data: the prevalence of asthma in the population, the frequency of the event to be measured among those with asthma (e.g., the rate of hospitalizations, ED visits, or office visits), and the random variation associated with that event. The change in the number of events that must be achieved in a given population (in order to exceed random variation) can be calculated. The intended direction of change can be either positive or negative. The number of people who must be reached to achieve that change can be calculated from the change in the number of events needed, the frequency of that event, and the effectiveness of the intervention or project.
For example, recent national data indicate that the prevalence of asthma is 7.3% and approximately 66 office visits, 8.8 ED visits, and 2.5 hospitalizations occur per 100 persons with current asthma. 1 As shown in Table 1 , in a hypothetical population of 500,000 (the approximate size of CAACP target populations), one would expect 36,500 people with current asthma (500,000×0.073), 24,090 office visits (36,500×0.66), 3,212 ED visits (36,500×0.088), and 913 hospitalizations (36,500×0.025) for asthma annually. Estimating the change in the number of events needed to achieve substantial change requires multiplying the standard error of that event by 1.96 (1.96 is the critical value of the z distribution for a two-tailed test at the 0.05 level of significance). In Table 1 , the standard error is approximated by taking the square root of the number of events in the population. This approximation, based on the Poisson distribution, is derived from the formula for relative standard error used for mortality data.
14 Thus, in a population of 500,000, the number of ED visits that must be eliminated to reach significance (pG.05) is the square root of 3,212 multiplied by 1.96, or 111 events.
The number of individuals who must be reached to achieve the necessary change in number of events can be estimated by dividing the expected change in number of events by the rate for the event. Table 2 illustrates this calculation for a population of 500,000. As stated above, to substantially reduce the population-based ED visit rate for asthma, at least 111 visits must be eliminated by the intervention(s). If the intervention is 100% effective in eliminating ED visits among those with asthma and there are 8.8 ED visits for every 100 with current asthma, then approximately 111:0.088 or 1,261 participants with current asthma must be enrolled. If G100% effective, that number is divided by the estimated effectiveness. An intervention that is 50% effective will need twice as many participants. Continuing with the above example, if the intervention eliminates half the ED visits among those enrolled, then 2,522 must be enrolled (1,261:0.50=2,522) to substantially decrease the ED visit rate for asthma. Further adjustments may be needed to allow for dropouts and incomplete participation, for population mobility (people who received the intervention moving out of the area, people who did not receive it moving in), as well as the uneven distribution of events in the population (some people having frequent events, others having none). These calculations, although rough estimates, permit planners to determine whether the fit between target population size, available resources, and the outcome to be measured is realistic. They also argue for directing interventions to individuals for whom a successful intervention would most likely contribute to a measureable change at the population level. Instead of estimating the number needing to be reached at the beginning of the project, the CAACP sites selected targets based on what planners considered feasible. A comparison of numbers reached at the midpoint of the project indicated that several sites lagged behind the others, requiring some redirection of activities at those sites.
External Factors That Influence Asthma Outcomes
A variety of external factors, including demographic changes in the project area, revision of reimbursement or coding policies, changes in Medicaid eligibility requirements, closing of safety-net health service providers, changes in the economy, concurrent interventions, changes in environmental exposures, and fluctuation in the cold/flu seasons, can theoretically influence asthma-related outcomes. 15 Community changes that improve access to quality medical care or reduce environmental asthma triggers may make it difficult to attribute improved outcomes to a project. Changes that reduce access to care or medications, or increase environmental triggers, may mask the accomplishments of an asthma intervention.
Population movement out of a project area, a common occurrence, can theoretically affect outcome measures in a variety of ways. Each year, 14% of people in the United States change their address with the rate tending to be higher in lower socioeconomic neighborhoods. 16 Although individuals and families participating in asthma interventions may continue to benefit after leaving a project area, their improved outcomes would not be reflected in a population-based measure. Because asthma prevalence varies among ethnic groups, 17 a change in racial or ethnic distribution may result in different rates of healthcare utilization that mirror a demographic shift rather than project impact. While the direction of change in asthma outcomes due to demographic changes is difficult to predict, increasing the estimated "number needed to reach" to accommodate the potential loss to follow-up of individuals and families would be a conservative approach.
Over the 7-year project period, a number of external factors that had the potential to affect hospitalization rates and other outcome measures occurred in the CAACP sites. For example, in one site, new management at the local pediatric hospital relaxed standards for hospitalizing a child due to asthma. The sites 12 In the final analysis of hospitalization data, all sites will superimpose a contextual analysis of important changes over the timeline of the projects' interventions and trends in hospitalization data. Although no analytic techniques can completely control for contextual factors, documenting and acknowledging them can facilitate a realistic interpretation of outcome data.
Considerations When Selecting Interventions
Selecting interventions that are most likely to be effective in a project's local context is a critical part of the local planning process. Reaching large numbers of people, in a variety of settings, in complementary and synergistic ways, and at reasonable cost, requires interventions at multiple levels. 2 The Spectrum of Prevention (Table 3) 18 is one framework for categorizing the levels and types of interventions for asthma. The effectiveness, cost, and appropriateness to the local context should be considered when choosing specific interventions.
Asthma clinical guidelines, review papers, and meta-analyses provide an overview of the evidence base behind different types of interventions, and are usually based on a systematic review of multiple studies. These typically give greater weight to randomized, controlled trials and to studies with large sample sizes. If reviews or meta-analyses are not available, project planners may need to base their assessment of effectiveness on individual papers or their own reviews. When doing so, assessing the methodology of published studies is important, including the data source and the collection method. For example, many evaluations of asthma interventions rely on changes in self-reported behaviors or symptoms. The accuracy and precision of self-report is likely to vary by the type of question, the person collecting the information, time transpired since the reported event, and provider of the information (e.g., a patient or guardian). 19 Evaluations that do not have a control or comparison group might show a positive change based on a phenomenon called "regression to the mean," meaning that, when a series of events is tracked, the events will tend to return to a predictable mean on their own. 20 Regression to the mean can lead to an incorrect conclusion that attributes an asthma outcome to an intervention when it was actually due to chance. This effect might be especially pronounced in asthma interventions that focus on individuals with high utilization at baseline. 20 The effectiveness of interventions is dependent upon context. 21 Interventions conducted under rigorous study design with carefully screened participants, by the most skillful professionals, may prove ineffective in other settings. 5, 22, 23 The CAACP sites selected their interventions during a planning process that involved reviewing the literature on asthma interventions, conducting a needs assessment, soliciting stakeholder interests, and performing small pilots of proposed interventions. Some coalitions reached agreement on the mix of interventions through consensus; others followed structured procedures. As documented in annual reports, the Minneapolis/ St Paul site actively engaged 115 people in intervention selection. Six workgroups met monthly for 7 months to move through a formal process that resulted in a prioritized list of interventions, an evaluation plan, and a proposed budget. A leadership team then identified areas of overlap and synergy from the six plans to compose a strategic project plan. All sites had a coalition-based process that balanced local needs and resources, stakeholder preferences, and evidence supporting intervention effectiveness.
While most interventions were evidence-based, CAACP sites implemented some interventions for which an evidence base was not yet available. They justified these interventions with logic models that linked the interventions and desired outcomes. 24 For example, the St. Louis site's need assessment identified health care system fragmentation as one of the target area's major challenges. The site implemented the Asthma Friendly Pharmacy intervention, although not supported by pre-existing evidence, because it appeared to be a critical link in a communications network among patients and their families, health care providers, and schools. Evaluation of that intervention focused on its success in establishing and maintaining those lines of communication 25 and now contributes to the evidence base for pharmacy interventions.
Allocating Resources across Multiple Interventions
Little practical guidance exists for allocating public health resources for asthma across the range of interventions listed in Table 3 , and no studies have tested the effectiveness of different combinations of interventions. Given the number of possible combinations of interventions, differences in communities, timing of interventions, and variations in external factors affecting outcomes, an empirical answer to the question of the most effective mix of interventions is unlikely.
The CAACP projects chose interventions that addressed different levels of the Spectrum of Prevention. All sites provided individualized family and home asthma PLANNING A PUBLIC HEALTH APPROACH TO ASTHMA S23 services that focused on asthma self-management training and indoor-trigger reduction. The Philadelphia, Richmond, and Minneapolis/St. Paul sites reached out to parents and community members by providing asthma classes in community settings; Philadelphia site staff made extensive use of local communication networks (radio, newsletters, and newspapers) to increase community awareness of asthma and the CAACP. Training for primary health care providers on NAEPP guideline implementation was also included in all strategic plans. The Oakland and Minneapolis/St. Paul sites implemented interventions to institutionalize the reinforcement of key asthma messages into routine care for hospitalized and ED patients, respectively, and the Northern Manhattan, Minneapolis/St. Paul, and Oakland sites succeeded in institutionalizing asthma-friendly policies and procedures in their respective school systems. The Chicago site worked at the policy level to support smoking bans and the regulation of power plants and demolition sites. CAACP sites noted an implicit tradeoff between designating comprehensive resources to a smaller number of people (i.e., high intensity) or fewer resources per person to a greater number of people (i.e., high reach). High-intensity interventions included, for example, individualized home-based medical and social support for families, and practice-based system-change interventions for health care providers. High-reach interventions included group trainings and classes, policy-based interventions, and mass media.
There were also decisions about reach and intensity within the context of one type of intervention. For example, among CAACP sites, the number of hours dedicated to group training of medical providers ranged from 1 to 8 hours and length of home-based support for families ranged from 1 to 18 visits. Intensive interventions, although generally effective for participating individuals or families, cost more per person and may have had a limited effect on population measures when the number of people or clinics reached is a small proportion of the population. 5 Low-intensity interventions may not be effective in changing behaviors or achieving outcomes, or may take many years to demonstrate an effect. 26 Targeting Individuals Project planners with limited resources must decide which individuals to target. When conducted on a large scale, even small differences in characteristics between participants and non-participants can have an impact on an intervention's effectiveness. 27 Identifying and targeting individuals who are most at-risk for adverse outcomes is essential for maximizing the intervention's impact.
Most publications on asthma interventions evaluate the impact on an intervention's participants without considering the implications for a larger population. Scaling up an intervention often introduces a new set of dynamics. For example, assume a hypothetical intervention targeting individuals with a recent asthma hospitalization is 100% effective at preventing a subsequent hospitalization for 1 year. Even if this intervention was given to every patient hospitalized in an entire year, it would reduce hospitalizations the following year by only a small amount 28 because only a fraction of hospital admissions for asthma in a population in a given year are readmissions. 29 Selection criteria for CAACP interventions were inconsistent across sites. For example, criteria used by various sites to enroll a family in an asthma case management focused on 1 or more of the following measures: asthma control, utilization history, severity, socioeconomic factors, school absences, and physician referral. The more resource-intensive interventions were generally more selective
DAVIS AND HERMAN S24
(personal communication with CAACP site directors or investigators, FebruarySeptember 2008), in keeping with evidence that most asthma morbidity and cost can be attributed to relatively few individuals. 30 The asthma guidelines frequently refer to "high risk" individuals, but both the guidelines and the CAACP sites used the term inconsistently. 2 One challenge that planners face is the lack of correlation among different measures of asthma. Underlying severity and measures of current impairment, such as symptoms, functional limitations, or quality of life, are not reliable predictors of future risk of asthma exacerbation or adverse events. 2 Furthermore, different adverse events may not necessarily correlate with one another; someone who frequently misses school because of asthma may not necessarily be at risk for a hospitalization.
Risk assessment models have used empirical data to successfully predict, in the short term, who is most at risk for various outcomes and thus most likely to affect those outcomes in the future. [31] [32] [33] [34] These models include many variables, such as demographic data, various indicators of current asthma control, prescription patterns, and health care utilization history. Such models are limited because they differ for each population and require more data that are unlikely to be available outside of a managed care plan.
Recruitment of Individuals
The efficient identification, recruitment, and retention of a large number of individuals who drive adverse outcomes are particularly important when the goal is to impact population outcomes. Although the challenges of participant recruitment and retention are not unique to public health projects, they can dramatically limit a project's ability to achieve a population-level impact. Individuals and groups who are high priority from a public health perspective may be the least able to participate in interventions.
Schools and daycare centers were logical partners for CAACP sites because they offered access to a large proportion of a community's children and had an interest in reducing absences caused by poorly controlled asthma. Three sites-Oakland, Northern Manhattan, and Chicago-used questionnaire-based case identification of students with asthma in the schools as the primary method of identifying and recruiting students for interventions. Those sites also used the frequency of selfreported symptoms as a means of prioritizing students for interventions of high intensity and cost. Oakland was successful at engaging 76% of all students identified with asthma. In the Northern Manhattan site, 35% of parents of children identified with asthma participated in at least 1 asthma education activity offered by the daycare center.
Hospitals are potential venues for identifying and educating large numbers of patients with uncontrolled asthma, 2 as patients can be easily enrolled in an intervention while in the hospital without the traditional barriers of time and transportation. 35, 36 While the Oakland CAACP site found this to be an effective way to reach children with asthma, other sites with smaller hospital inpatient services found staffing such activities difficult.
Many health plans, which enroll large numbers of individuals in a community, have an interest in reducing costs and improving performance measures. Health plans generally have data that can be used to identify high-risk members or evaluate interventions. [37] [38] [39] Some health plans referred children to CAACP services. Other CAACP site recruitment methods included referrals by medical providers (Chicago), 
Targeting Communities to Address Population Disparities
The reduction in disparities in disease burden among racial, ethnic, or other minority groups is an important public health goal, and one that requires focusing resources on certain populations and communities. Although all CAACP sites were selected because their populations suffered a high, disparate burden of asthma, they received no direction about addressing disparities within the sites. Many of the children with asthma in those communities were considered to have a disparate burden of asthma because of low socioeconomic status, unstable living situations, disorganized families, limited access to care, poor housing conditions, or some combination of these social determinants of health. Social, economic, and psychological factors are important determinants of whether an individual will benefit from an intervention. 40 Individuals in challenging circumstances may have unique incentives or disincentives that affect behavior. For example, families enrolled in Medicaid may have a low threshold for ED use, which requires no appointment and whose cost is negligible to families. These phenomena may be a reason that so many patients present to the ED with mild symptoms. 41 All CAACP sites offered referrals to address substance abuse, psychiatric, housing, and financial problems to the extent that those services were available locally, but varied in their efforts to actively address these social determinants of health. The Richmond site was most proactive in partnering with a local agency to provide a range of social services as well as asthma education and case coordination for children "who had failed every other intervention." Similarly, the St. Louis site contracted with a social service agency to address families' socioeconomic priorities to enable the families to also focus on controlling their children's asthma.
Reaching people and groups who experience health disparities primarily for social and economic reasons often requires labor-intensive, time-consuming, and costly interventions. For this reason, it is important at the beginning of the planning process to reach agreement with funders and other stakeholders that the reduction of health disparities is a priority. Intensive interventions focused on a small group of people may not improve population-level indicators such as hospitalization and ED rates. However, if the priorities are reducing disparities and reaching individuals who could benefit most, interventions that address recidivism and include social services are indicated.
CONCLUSION
Although public health projects aiming to improve population-level outcomes are fundamentally different from projects seeking to improve participant outcomes, little guidance exists for choices necessary for planning and implementing them. Consideration of appropriate population-based outcome measures; the numbers needing to be reached to improve outcome measures; the choice and mix of interventions; and priorities in targeting and methods of recruiting participants, as well as decreasing disparities, all need to be addressed explicitly during the planning phase. The CAACP sites did not uniformly address these issues at the outset but would probably have benefited if they had. The authors hope that future research
